men who have been unable to work on account of chronic gas-poisoning and other conditions for a considerable period of time have not only improved so much in health that they could return to light labour but in many cases they have been able to go back to their former employment.
Cost of Oxygen Treatment.-There is one aspect of oxygen treatment which has not been touched upon this afternoon and that is the cost. At Stoke-on-Trent, where, I am convinced, the strictest economy has been exercised in regard to the supply of oxygen to the wards consistent with the percentage of oxygen in the atmosphere being in excess of 40 per cent., and also with regard to the materials necessary to keep the scrubbers in a state of purity, and in spite of all efforts to keep down the cost in every direction, it has not been possible to bring down the daily cost per patient to less than £1 3s. 6d., and this estimate does not include any sum which could be put down to capital charges.
When one is dealing with pneumonia, cases which, it is hoped, will benefit largely by treatment in oxygen wards, the cost is such What it is very likely to handicap research in this direction unless money is forthcoming from further grants or from philanthropic sources. The high cost of oxygen is due to the fact that the production of oxygen in this country is in the hands of a monopoly. Dr. Harker, -who has been interested in nitrogen production, has suggested that we might use for this work instead of pure oxygen from the cylinders the bye-product of the air after the nitrogen has been extracted from it, and another suggestion is that liquid air which contains about 60 per cent. of oxygen could be used for these cases. As far as my own observations have gone, I am convinced that there is a great field of usefulness for oxygen treatment as well as a great field for research, and considering the amount of human suffering which may be alleviated by such treatment, it seems almost a scandal that the work should be handicapped because of an oxygen monopoly.
Dr. G. H. SOWRY.
When I was asked by the National Medical Research Committee to take charge of the oxygen chambers at Stoke-on-Trent, I did so with the.utmost diffidence. It is twenty-five years since I left St. Bartholomew's Hospital, and during that time I have not been in touch with experimental physiology and pharmacology, except in so far as those subjects directly affect the daily work of a busy practising physician. I could only approach the subject from a purely clinical standpoint, but as this satisfied the Research Committee, and as all new remedies must, before acceptance, satisfy a purely clinical test, I felt that even with my limited time and capabilities I might do some useful work, so I undertook the task.
Dr. Shufflebotham has described the structure and working of the chambers. I should merely like to say that they worked very satisfactorily. The percentages of carbonic aqid and moisture were always well under control, and the patients never complained of any discomforts due to the air they breathed.
It was originally intended that the chambers should be used for the treatment of workpeople who were accidentally poisoned at poison gas factories and shell-filling stations in the North of England, but the demands for treatment from soldiers who had been gassed at the Front led to the bulk of the patients being of the latter class. I will deal first with the seventy cases of " gassing." In all, the gassing had occurred at a more or less distant date, varying from four months to over two years. In most cases the nature of the gas could not be ascertained, though in the earlier cases it was probably chlorine, later phosgene, and still later " mustard gas."
Outline of Treatment.-The patients were admitted for periods of five or six days, and remained in the chambers for about twenty hours each day, being allowed out for exercise about four hours each afternoon. The chambers were surcharged with oxygen, the percentage being between 35 and 40 in the earlier cases, and from 50 to 60 in the later. After their discharge, they were asked to report for examination, two, four and six weeks later.
Before treatment the patients were examined and notes made as to: (1) Subjective treatment-such as cough, expectoration, sleeplessness, dyspneea, palpitation on exertion, asthmatic attacks, &c., clinical examination of heart, lungs, &c. (3) The chest was X-rayed. (4) An examination of the blood was made, the red cell count and haemoglobin percentage noted. (5) The response to effort was tested by three tests: (i) Short violent effort-by swinging of arms; (ii) medium effort-by going up and down stairs; (iii) a prolonged effort -by walking round the hospital grounds. Physical Signs on Admission.-Cyanosis was present in a small percentage of the cases. Luntgs: Emphysema was presont in about 40 per cent of the cases. Nearly all of them exhibited rAles, rhonchi, or crepitations over the whole or part of the lungs. In many cases over the lowest 3 in. or 4 in. of the bases behind there was slightly impaired resonance and fine crepitations. X-ray examination in nearly all the cases showed a condition of fibrosis especially near the roots of the lungs. The appearance of the plates strongly suggested a condition of peribronchial phthisis, but in only two cases have I proved the existence of active tuberculosis. If the condition is one of true fibrosis, there can be little hope of a permanent cure. Heart: Only a few cases of V.D.H. were found, and in about ten cases there was hypertrophy. The most obvious condition found was a very poor response to effort. At rest the heart sounds were in most cases clear and the action regular-though in a little less than half the cases there was some irregularity with extra-systole. But even slight exertion in nearly all the cases caused a great increase of pulse-rate, with marked irregularity. Nervous Systemr: Very few showed any physical signs of organic disease, beyond increased tendon reflexes and some vasomotor instability. Results of Treatment.-First, to take a general view of the patients. The immediate results: In the large majority of cases the patients felt de.cidedly better for the treatment. They felt brighter, more cheerful, and more energetic. Their appetites improved and their digestions were better. Sleeplessness in most cases improved, and where patients suffered from asthmatic attacks this symptom disappeared. Coughs improved and expectoration was reduced. The response to effort as measured by the tests generally improved in most cases considerably. It is difficult to estimate the results numerically, but a careful classification justifies me in saying that of the 70 cases reported on, 23 were very much improved, 30 were much improved, 10 were improved, and 6 not improved. The latest results, as estimated on the last examination (usually six weeks after the end of treatment) were on the whole very satisfactory, though there was certainly a tendency for some of the original improvement to be lost. Numerically expressed, I should say that of the 61 cases who reported, 15 were very much improved, 22 were much improved, 10 were improved, and 13 were not improved. It is important here to notice the fact that throughout the investigations I was constantly confronted by the difficulty that is recognized by all who have to do with cases in which pensions or compensation allowances are in question. In several cases the patients' description of their subjective sympetoms signified that there was no improvement. Their coughs, expectoration, dyspncea, &c., were " no better." But on examination of their chests the pre-existing rales, rhonchi, &c., had disappeared, and their tests were much better performed. In two cases this discrepancy was admittedly due to the patients' reluctance to acknowledge any improvement until their pensions were settled.
I will now consider the effect of treatment on each of the common symptoms:
Coughs were very much improved. Patients who complained of months of sleeplessness due to coughing slept quite well after twentyfour or forty-eight hours' treatment and coughed very little; 25 per cent. lost all cough before the end of treatment, and a further 40 per cent. were very much better. In 60 per cent. the improvement was very largely maintained up to the end of the six weeks.
Expectoration improved in a corresponding degree. One very noticeable fact was that many patients who came in with muco-purulent sputum, at the end of treatment only coughed up mucus. In one case -admitted with copious muco-purulent sputum-he has not had mucopurulent sputum since treatment, fifteen months ago.
Dys.pnca and palpitation on exertion also improved considerably.
Not only did they feel less distress on exertion, but they performed all the tests with much less disturbance of respiration and pulse.
Asthmatic attacks were complained of by fourteen patients. In seven cases the attacks ceased during treatment, and in four of them there was no recurrence within the six weeks. One patient for months before treatment was regularly awakened by attacks three or four timies every night. He slept in the general ward the night before admission to the oxygen chambers, and had three distinct attacks. During his six nights in the chamber he did not have even a slight attack, and only had one mild one during the following six weeks.
Appetites improved almost marvellously, and most of the patients who complained of dyspepsia lost it during treatment. Condition of the Heart.-Twenty-five patients had physical signs of organic or functional disease of the heart. Of these, fifteen were very much improved immediately after treatment, and twelve of them fully maintained their improvement when last seen. The most common evidence of heart trouble was a bad response to effort. For example, in one case-before treatment: Pulse 76 at rest, 120 after exercise test, very irregular and not returning to normal for eighty seconds. After treatment: Pulse 82 at rest, 96 after test, quite regular and returning to normal in thirty seconds.
Condition of .Lungs.-Forty-three patients had physical signs of disease of the lungs, such as rAles, rhonchi, &c.; of these, thirtyT-two were very much improved at the end of treatment, and in thirty-one the improvement was fully maintained at the end of six weeks. It is worthy of note that those patients who had the most marked physical signs of disease were those who showed the most improvement. Several of the cases had slight impairment of resonance and fine crepitation over the lower 3 in. or 4 in. of the bases of both lungs. In nearly every case the resonance was normal, and no crepitations could be heard at the end of treatment.
The exercise test of response to effort was one of the most decided evidences of the value of oxygen treatment. Professor Barcroft showed by curves the decided improvement which resulted from this treatment. My experience confirms his in dozens of cases. On admission sixty-two patients performed the test with a response to effort which was below the normal. About forty of them showed a very decided improvement, and more than thirty of them maintained their improvement at the last examination.
Blood Counts.-Owing to the use of a faulty hmocytometer in my earlier cases, the red counts were not reliable, but in the last twentynine cases they were quite reliable. Contrary to reports by previous observers, I do not find anything approaching a uniform polycythaemia. Of the twenty-nine cases, the majority (eighteen) showed a red count below the normal, and with one exception showed an increase of red cells after treatment. Eleven cases had polycytheemia in varying degree, and in every case there was a decrease of red cells after treatment. Thus, whether the red cell count was above or below the normal before treatment, the effect of treatment was to cause a return towards the normal.
The results of treatment in " gassed " patients were, in my opinion, very good, whether those results were judged by a general survey of the cases or a careful analysis of the effects on detailed subjective symptoms or objective signs.
In order that these experiments should be purely a test of the value of prolonged inhalation of oxygen, I have not allowed my patients to take any medicine whatever-such as expectorant mixtures, heart tonics, &c. If, however, this line of treatment is of value-and I strongly think it is-it would undoubtedly be of additional help to the patients if they received, in addition to the oxygen treatment, other forms of treatment, such as medicines, vaccines, &c.
Critics have suggested that the results are due to the rest and good food which the patients receive whilst under treatment, but when it is recognized that nearly every patient has been in hospital for prolonged periods, and there had the same rest and good food, but without the same good results, I think the objection is invalid. Another criticism is that the whole result is a consequence of suggestion, but this is negatived by the fact that the objective signs were as much improved as the subjective symptoms.
I will now briefly discuss the treatment of other diseases Two cases of pernicious anwmit were treated, one for twenty-three days and the other for twelve days. Both were severe cases, one being a relapsing case. Both of them professed to feel much better for the treatment and certainly seemed decidedly improved. But detailed examination of the blood showed that the patients were worse after treatment. After discharge, they both steadily got worse and one has since died. Unfavourable results in two cases-both severe-is not sufficient ground, however, for not experimenting further, especially in early cases.
I now come to five cases in which the predominant symptom was respiratory difficulty, and in all five cases the results were so good as to be almost startling. And it is in such cases that I think the value of treatment in oxygen chambers is most in evidence. Two men were acutely and severely poisoned.by poison gas, whilst employed in emptying cylinders returned from France after the Armistice. Both were treated at home by oxygen inhalations, medicines, &c., but they both rapidly got worse. They were admitted to the oxygen chambers, both arriving in a -very bad condition. They were cyanosed, breathing heavily and rapidly and coughing incessantly. In both cases improvement began very soon after admission and they rapidly improved. Cyanosis disappeared within an hour, and the breathing-although it remained rapid for twenty-four hours or more-was not at all laboured or distressing. Both were quite well, with their lungs normal, on the third day. A case of acute coal gas poisoning was brought to the Infirmary and treated in the casualty department by stimulants, oxygen inhalations, &c., but in spite of the treatment his condition got rapidly worse. He was admitted to the chambers, shivering, very cyanosed, breathing very heavily and in .a state of collapse. Five minutes after admission the shivering ceased, and half an hour later his breathing was easy, c@lour good and pulse regular, slow and strong. A case of broncho-pneurnonia with empyema in a child, aged 3, who fifteen days before had had a rib resected and the right pleura drained. The child's condition got steadily worse, and on November 29, when death seemed imminent, I admitted her to the chambers. On admission, she was deeply cyanosed, breathing heavily (60 per minute), restless, picking at the bed clothes, her pulse was 120, very thready and weak; she was in a cold perspiration, and almost unconscious. Two hours later the nurse reported, " Colour very much improved, breathing less laboured, has asked for a drink." Another two hours later, " Pulse 120, good volume, respiration 48; taking food with apparent relish; breathing much easier, colour quite good; has had several short quiet sleeps." The child continued to improve rapidly for twenty-four hours, and during the time she was quite free from respiratory distress. Unfortunately vomiting and diarrhoea supervened, and she gradually sank and died three days later. I do not claim in this case more than that the treatment relieved her want of oxygen, and stopped all respiratory distress. She died eventually from the toxic effects of her disease, but the oxygen undoubtedly greatly increased her chances of recovery. Lastly, acute lobar pneumonia developed in a soldier, who was undergoing the treatment for gassing. When his illness began he was transferred to the general ward for observation. He had complete consolidation of the whole of both lower lobes, and his was a severe case. He returned to the oxygen chambers twenty hours after the onset of his pneumonic symptoms. On admission, his breathing was very laboured and painful (48 per minute), and there was marked cyanosis and restlessness. In three hours nurse reported: " Colour quite good, pulse much improved, breathing much less laboured, though still painful." After twenty-four hours the pleuritic pain ceased, and from that time his breathing was easy and colour quite good-in fact his condition was remarkably favourable for a man with both lower lobes completely solid. He made a very rapid and complete recovery. I have never in my twenty-seven years' clinical experience seen a severe case of double basal pneumonia make such remarkable progress.
All these five cases suffered from want of oxygen in a severe form. They all improved almost immediately they entered the chambers.
I am convinced that treatment by the continuous inhalation of a warm atmosphere surcharged with a known percentage of oxygen, holds out great promise in the treatment of many diseases. The experimental work done on gassed soldiers-successful as I think the results have been-should be merely the beginning of much more experiment, and I venture to predict that in a few years no large hospital will be thought complete unless an oxygen chamber forms. part of its equipment.
Dr. P. HAMILL.
My studies of the effects of oxygen administration have been made on patients suffering from cardio-vascular disease and a few cases of opium poisoning. When for any cause an adequate amount of oxygen does not get absorbed into the system the results on the circulation are very severe. Some years ago Dr. Clark and I studied the circulatory changes in Cheyne-Stokes respiratior!' and showed that during the apnceic period there was a fall of blood-pressure and in some cases partial heart-block. Administration of oxygen in high concentration abolished the heart-block and maintained the blood-pressure at a uniform high level. Side by side with the improvement in the circulation there was in some cases a return of consciousness-a striking demonstration of the efficacy of oxygen administration. (Diagrams shown.) In order that really satisfactory results may be obtained it is necessary to administer oxygen in a concentration of 40 to 50 per cent. for hours at a time, which is not an easy matter even in hospital practice. The nasal tube is satisfactory on the whole, but wasteful. Most methods of administration by a mask necessitate the constant attendance of the nurse and are almost equally wasteful. Especially in warm climates, patients complain of a sensation of stuffiness and the slight resistance to breathing caused by the mask is badly tolerated.
There is a great need for a simple portable apparatus on the lines of that used for insufflation anesthesia, in which oxygen can be circulated and the C02 absorbed. On the grounds of portability and cost, sodium peroxide has much to recommend it as a source of oxygen in preference to cylinders.
